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Description 

TECHNICAL FIELD 

[0001] The present invention relates to an open-type 
magnet device to be used for MR! (magnetic resonance 
imaging) and in particular, to an open-type magnet de- 
vice which can appropriately be used to obtain a highly- 
uniform static magnetic field. 

BACKGROUND ART 

[0002] In magnet device of horizontal magnetic field 
type or in a magnet device of vertical magnetic field type 
using a pole piece, a magnetic shim is used for improv- 
ing uniformity of a static magnetic field generated by the 
magnet device. 

[0003] However, in the magnet device of the vertical 
magnetic field type not using any pole piece, the uni- 
formity of the static magnetic field generated by the 
magnet device has been improved by an adjusting coil 
provided in the magnet device. 

DISCLOSURE OF INVENTION 



[0004] It is therefore an object of the present invention 
to provide an open-type magnet device using a magnet- 
ic shim enabling to obtain a further highly-unifomi mag- 
netic field and facilitating adjusting work for that. 
[0005] Another object of the present invention is to 
provide an open-type magnet device in which a space 
required for arranging a magnetic shim is reduced. As 
a result, it is possible to increase a space for a subject 
person or reduce the distance between upper and lower 
superconductive magnets arranged to oppose to each 
other, thereby improving the efficiency of superconduc- 
tive magnets. 

[0006] Still another object of the present invention is 
to provide an open-type magnet device in which the 
magnetic shim is arranged in a region assuring its mag- 
netization linearlity, thereby facilitating optimalization of 
the magnetic shim position and enabling an effective 
magnetic field unifomiity adjustment work. 
[0007] The present invention uses an open-type su- 
perconductive magnet equipped with a magnetic shim 
(shims) which serves as means for adjusting magnetic 
field uniformity and is arranged in a pair of magnetic as- 
semblies and more specifically, on an opposing surface 
side of a cooling vessel, i.e., a uniform static magnetic 

field space side. ^ .r, * 

[0008] As is described in JP-A-9-1 53408 and JP-A- 
9-190913, in a magnet assembly, a static magnetic field 
generating coil is composed of a main coil having a larg- 
est diameter and an adjusting coil having a smaller di- 
ameter. These coils are arranged coaxially around a Z 
axis. In this configuration, magnetization of the magnetic 
shim in a region where the magnetic shim is arranged, 
i.e., magnetic vector direction Is mostly vertical. I.e., Z 



direction in the vicinity of the cooling vessel center line 
(Z axis) and become vertical to the Z axis as the distance 
from the Z axis becomes greater. This means that in the 
vicinity of the Z axis, the magnetic shim is almost uni- 
5 formly magnetized not depending on the position of the 
magnetic shim. That is, by arranging the magnetic shim 
in a region of a small radius from the center of the cooling 
vessel, it is possible to expect a constant magnetization. 
Accordingly, when calculating the position of the mag- 
to netic shim, there is no need of considering magnetiza- 
tion of the respective magnetic shims, thereby simplify- 
ing shimming work. 

[0009] A region where the radius direction component 
of the shim magnetization is increased changes de- 
15 pending on a specific magnet assembly. However, when 
roughly observed, in a region of 0 to 2/3 of the mam coil 
radius from the center, magnetization components are 
mostly Z-direction components. 
[001 0] However, even in a region having a greater ra- 
20 dius, by actual measuring and computer simulation, it is 
possible to check the relationship between the position 
of the magnetic shim and its magnetization and to de- 
termine the position of the magnetic shim according to 
the calculated data. This is because the magnetic shim 
25 has a large magnetization change in the radius direction 
but a small magnetization change in a circumferential 
direction of a circle around the Z axis. That is, supercon- 
ductive coils serving as the magnetic field generating 
source is made from a plurality of coaxial shapes and 
30 basically generates a magnetic field symmetric with re- 
spect to the axis. On the other hand, the magnetic shield 
provided at the coil outer circumference has a non-sym- 
metric shape with respect to the Z axis because of the 
presence of a yoke and the like. This non-symmetric 
35 shape of the magnetic shield does not affect so much 
to the position of the magnetic shim introduced by the 
present invention. It has been confimned that the mag- 
netic shim is magnetized with identical components in 
any position in the circumferential direction. According- 
40 ly, even when using an outer circumference portion hav- 
ing a large radius direction component, it is often suffi- 
cient to consider shim magnetization change amount 
depending on the position in the radius direction. Fur- 
thermore, when a high unifomnity of a magnetic field is 
45 required, it is sufficient to fetch a shim magnetization 
change in the circumferential direction by data interpo- 
lation according to the unifomnrty degree. 
[001 1 ] In the open-type superconductive magnet dis- 
closed in the aforementioned JP-A-9-1 53408 and JP-A- 
50 9-190913, it has been confirmed that by arranging the 
magnetic shim on the opposing surface of the cooling 
vessel, it is possible to adjust the magnetic field unifomi- 
ity. Moreover, a position where the magnetic shim is ac- 
tually arranged may be other than the unifomn static 
55 magnetic field space side of the cooling vessel, such as 
the unifonn static magnetic field space side of the gra- 
dient magnetic field coil. In case the gradient magnetic 
field coil is magnetically shielded, the shim may be ar- 
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ranged between the main gradient magnetic field coll 
and the gradient magnetic field shield coil or/and at the 
unifomn magnetic field space side of the main gradient 
magnetic field coil. 

[0012] According to the present invention, it is possi- 
ble to obtain an open -type magnet device in which mag- 
netic field adjusting means Is provided at the opposing 
surfaces of cooling vessels sandwiching an unifomn 
static magnetic field space region constituting an upper 
and a lower magnet assemblies, which enables to fur- 
ther improve unlfomnity of the static magnetic field 
formed therebetween. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] 

Fig. 1 schematically shows an external perspective 
view of an open-type magnet device according to 
the present invention. 

Fig. 2 is longitudinal cross sectional view of the 
open-type magnet device of Fig. 1 . 
Fig. 3 is a perspective view showing arrangement 
of magnetic shims according to an embodiment of 
the present invention. 

Fig. 4 is a longitudinal cross sectional view of Fig. 3. 
Fig. 5 is a perspective view showing arrangement 
of magnetic shims according to another embodi- 
ment of the present invention. 
Fig. 6 is a longitudinal cross sectional view of Fig. 5. 
Fig. 7 is a perspective view showing arrangement 
of magnetic shims according to still another embod- 
iment of the present invention. 
Fig. 8 is a perspective view showing arrangement 
of magnetic shims according to yet another embod- 
iment of the present invention. 
Fig. 9 is a perspective view showing arrangement 
of magnetic shims according to yet still another em- 
bodiment of the present invention. 
Fig. 10 is a perspective view showing arrangement 
of magnetic shims according to yet another embod- 
iment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0014] Description will now be directed to an embod- 
iment of the present invention with reference to Fig. 1 , 
Fig. 2, Fig. 3, and Fig. 4. 

[0015] As shown in Fig. 1 and Fig. 2, an open-type 
magnet device 1 0 has a pair of an upper magnet assem- 
bly 12 and a lower magnet assembly 14 which oppose 
to each other. Each of the upper and lower magnet as- 
semblies 12 and 14 includes: a main superconductive 
coil 18 for generating a unifomn static magnetic field 
space 16 therebetween; an adjusting superconductive 
coil 20 for adjusting uniformity of a static magnetic field 
generated by the main superconductive coil 1 8; a cool- 
ant vessel 22 containing a coolant for cooling the main 
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superconductive coil 1 8 and the adjusting superconduc- 
tive coll 20 to a temperature of the super conductivity or 
below and containing the superconductive coils; a vac- 
uum vessel 24 made from a non-magnetic material such 
as aluminum and stainless steel and entirely covering 
the coolant vessel 22 so as to prevent heat convection; 
the coolant vessel 22 and the vacuum vessel 24 consti- 
tuting a cooling vessel; and a ferromagnetic plate 26 
covering the outside of the cooling vessel so as sup- 
press leak magnetic flux from the superconductive coils. 
The superconductive coils 18 and 20 are arranged co- 
axialty around a Z-axIs as a center. The coolant vessel 
22 and the vacuum vessel 24 of each of the upper and 
lower magnet assemblies 12 and 14 are connected to 
each other by a connection tube 28. The upper and low- 
er ferromagnetic plates 26 are supported by a yoke 30 
and magnetically connected. A reference symbol 41 de- 
notes a main gradient magnetic coil and 42 denotes a 
shield gradient magnetic field coil. 
[001 6] Furthermore, as shown in Fig. 3 and Fig. 4, one 
or more than one magnetic shim 51 Is arranged in the 
opposing planes of the vacuum vessel 24 serving as a 
cooling vessel of the upper and lower magnet assem- 
blies 12 and 14. Fig. 3 shows the lower magnet assem- 
blies 14. 

[0017] A specific shape of the magnetic shims 51 ar- 
ranged in this region, for example, may be a cube of 10 
mm x 10 mm x 10 mm or a ring shape centered at the 

Z-axIs. 

[0018] Moreover, the magnetic shims may be made 
from, for example, known soft magnetic material such 
as iron, silicon steel, permalloy, and the like. 
[0019] Fig. 5 and Fig. 6 show another embodiment of 
the present invention. In this embodiment, the vacuum 
vessel 24 serving as a cooling vessel is made In a 
doughnut shape having a through hole 34 at the center 
portion thereof, and the magnetic shim 51 is arranged 
in an opposing surface 32 or/and a region 35 of a 
through hole. That is, in addition to the region 32 shown 
in Fig. 4, the magnetic shim is arranged in a center hole 
portion 35, i.e., on a wall of this portion and a support 
member. 

[0020] This center hole portion 35 is in the vicinity of 
the center axis of the superconductive coil and accord- 
ingly, In general, the magnetic field distribution becomes 
almost uniform. Therefore, not depending on the posi- 
tion of the magnetic shim 51 , shim magnetization is con- 
stant. This facilitates optimal arrangement performed 
upon shimming. Thus, a range of shim positions for ad- 
justing the magnetic field uniformity is increased by us- 
ing the magnetic shim in the center hole 34 in addition 
to the magnetic shims arranged on the opposing surface 
of the cooling vessel. This simplifies adjustment of the 
magnetic field uniformity. 

[0021] Moreover, since the magnetic shim can be lo- 
cated at a position difference in distance in the Z direc- 
tion from the uniform magnetic field, a wider selection 
range can be obtained for selecting a ratio between var- 
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ious magnetic field components, if expressed in spher- 
^fhaLnics function generated by ^ 
shimming, such as coefficients of each ^l^^^^ jj^^^^ 
degree, second degree, third degree ... . ^h's tactotes 
approach of coefficients of thefirst degree and aboveto 

zem. This enables to cope with various changes of the 
ratio Of the magnetic components to be controlled. 
S Moreover.foracomponentadjustablebymag- 

netic shims arranged on the opposing surface of the 
colg vessel, use of the shim in the oenter hole can 
reduce the shim amount on the opposing surface. Thus 
"an reduce the spaceofthe region on theoppos-ngsu^ 

Si where shims are arranged, which in turn can m- 
Lraseaunifom^magneticspaceintowhichaexa™^^^^^ 
sample is inserted. Alternatively, this can reducethe op- 
ooSg distance between the superconductive magnets 
and a^ordingly, can improve the magnetic field gener- 
aSn Xien^ of the magnet, which in turn can reduce 
the entire size of the magnet device. 
Pi Itshouid be notedthat JP-A-7-25081 9 alSOd«- 
closes a configuration in which a magnetic sh.m is ar- 
inqed along an inner surface of a center hole provided 
n a coig vessel. However, this center hole is config- 
ured so as to receive a subject person and accordingty^ 
the Shim can be arranged only on a/^^^^^ ^ 
a^ona the inner circumference. Accordingly, the ability 
of the in«om,«y adjustment is also '-^ed On t e o^^^^^^ 
hand the present Invention assumes a magnet in which 
Sje^tjerson is notpositionedinthe center holoand 

L magnetic shim arrangement is not '•'^-'-d t^ ^P^^^^ 
ticular position of the center hole, thereby enabling to 
obtain uniformity adjustment of a wider range. 
[00241 Fig. 7 shows still another embodiment of the 
present invention. ^ ar, k th(» 

[00251 in the embodiment of Fig. 5 and F 6 he 
shims on the opposing surface are not located at the 
fenTerport-.onso asno?todisturb mounting of thecenter 

hole shinn. , r-- 7 

[0026] in contrast to this, in the embodiment of Fig^7. 
n order to effectively use the center portion of the op- 
pos ?g surface, a magnetic shim region 36 :s also pjo^ 
Sided in this center portion. The magnetic shirn 51 in this 
region is attached to a non-magnetic mounting jig and 
ar^^nged at least detachab^. For attaching/removing 
ThTcenter shim, what is necessary is only to remove the 
c^nterportionofthe opposing surface.Theretore. work- 

inn abilitv is not deteriorated. 

Eio27| Fig. 8 shows yet another embodiment of the 
present invention. „««,^^r, 
m028] in this embodiment, the shim region o the op^ 
posing surface is limited to a constant radius r from the 
center In the region at a smaller radius direction dis- 
Se fl the cinter, main component of magnetiza- 
tion in the magnetic shim arrangement reg ons 32^35. 
36 IS Z component. Accordingly, magnetiza^on of mag- 
netic members becomes unrfomi and the shims can be 
a?rngedoptimally.Moreover.workresul.sco.n<.de^^^^^^ 
culated values and it is possible to reduce the number 



of shimming processes. 

[00291 The radius limit can be selected to obtain a 
ange in which magnetUation has a main component in 
Z d?rection. This range is optimal when 0 to 2/3 of a di- 
5 arneSofthemainsuperconductivecoil.lngeneral,the 
renLonfromtheinnerwalloftheouterci^umerence 
oThecoolantvessel 22 to the outomnost circumference 
o the vacuum vessel 24 is 60 mm to 150 mrri. On the 
other hand when considering an MRl system for an on- 
to S body of a person, the main superconductive coil 
Tefera^y has Lius of 700 to 1000 mm. On the other 
Jand in order to minimize the outer dimension of the 
maanet the outem^ost circumference of the main su- 
peSuctive col. is arranged in the vicinity of the irjner 
15 wall of the outercircumference of the coolant vessel 22 
Mo eover. the vacuum vessel 24 is also made as smaH 
as Us-ible in a range where the heat intrusion into the 
coolant vessel 22 Is not greater than a predetemimed 

PWOI Accordingly.theradiuslimitisabout2^ofth^ 
cooling vessel, i.e.. the outer diameter of the vacuum 

JoS?l^ Hg. 9 shows yet another embodiment of the 

' Figts"hows an example Where. In add«ionto 
Sfregions 32, 35, and 36 of Fig. 8, the magnetic shinns 
51 are Sso ar anged in a region 37 of the unlfomi state 
magrTeScfleldspaceside of the main gradient magn^^^^^ 
S coil 41 anS a region between the main gradient 
30 rSgneticfieldcoil41 and the main shield gradient mag- 

JoITtS magnetic shims need not be arranged in 
Si of the regions 32, 35, 36, 37 and 38 but can be ar- 
ranged at least one of the regions, so as to adjust uni- 
35 formity of the magnetic field. „v„ftho 
roOaS Fig. 10 shows still another embodiment of the 
present invention in which the gradient magnetic field 
'cSorshielded. in thiscase,theshield graven m^^^^ 

netic coil 42 is not used and only the mam gradient mag^ 
40 netic field coil 41 exists. In this case, in add. ion to the 
re7ons32.35.and36,theregion37oftheunifom,stat.c 

- Seticf;eldspacesldeofthemaingradientmagnet.c 
f ield coil 41 becomes a candidate as a region where the 
magnetic shim is arranged. In this case a'«°; 
45 netfc shim may be provided at one or more than one o^ 
the regions 32. 35, 36, and 37 for adjusting unifomiity 
of the magnetic field. 

So351 While Fig. 9 and Fig. 10 show examples in 
combination with Fig. 8. they can also be used m con^- 
50 bination of embodiments of Fig. 4. Fig. 6. and Fig. 7Mn 
Tese cases also, the magnetic shim may be provided 
at one or more than one of the regions 32. 35 36^ 37 
and 38 for adjusting unifomiity of the magnetic f.e d. 
[00361 in each of the embodiments of Fig. 4, Fig _6 
55 Fla 7 and Fig. 8 also, the magnetic shim is arranged n 
one or rJore?han one regions 32. 35, and 36 so as to 
adjust uniformity of the magnetic field. 
[00371 in Fig. 4, Fig. 6, and Fig. 7 to Fig. 1 0. explana 
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tion has been given on arrangement of the magnetic 
shims in the magnet assembly 14. Identical shim ar- 
rangement regions are also provided In the magnet as- 
sembly 12 and the magnetic shims are arranged in 
these regions for adjusting uniformity of the magnetic 
field. 

[0038] The present invention can also be applied to 
an MRI apparatus using a resistive magnet, in this case, 
the IVIRI apparatus has configuration as follows. An 
open-type magnet device comprising: 

a pair of upper and lower magnetic field generating 
coils arranged to oppose each other so as to gen- 
erate a unifomn static magnetic field in a region 
which covers a test portion of a subject person; 
a container for containing each of the magnetic field 
generating coils; and 

at least one magnetic shim arranged at the uni- 
form static magnetic field space region side of the re- 
spective containers and serving to further adjust mag- 
netic field uniformity of the unifomn static magnetic field 
space region. 

[0039] (2) The open-type magnet device for MRI ac- 
cording to (1), wherein the containers are doughnut- 
shaped having a through hole in the center portion and 
the magnetic shim is arranged at a predetermined po- 
sition in the through hole. 

[0040] (3) The open-type magnet device for MRI ac- 
cording to (1), wherein a gradient magnetic field coil is 
arranged at the unifonn static magnetic field space re- 
gion side of each of the containers and the magnetic 
shim is arranged at the uniform static magnetic field 
space region side of the gradient magnetic field coil. 
[0041] The present invention Is not limited to the 
aforementioned embodiments but may be modified in 
various way within the scope of Claims. 

INDUSTRIAL APPLICABILITY 

[0042] The present invention can be applied not only 
an MRI apparatus using a superconducting magnet de- 
vice or static magnetic field generating coil but also to 
an MRI apparatus using a permanent magnet device. 



Claims 

1 . An open-type magnet device for MRI, comprising: 

a pair of an upper and a lower magnet assem- 
blies which are arranged to vertically oppose to 
each other so as to generate a uniform static 
magnetic field in a space region which covers 
a test portion of a subject person, and each of 
which includes: a main superconductive coil for 
generating a unifomri static magnetic field ther- 
ebetween and an adjusting superconductive 



coil for adjusting magnetic field uniformity of the 
unifomi static magnetic field; 
a cooling vessel containing the main supercon- 
ductive coil and the adjusting superconductive 
5 coil for maintaining a superconductive state; 

and 

magnetic field adjusting means arranged at the 
unifomi static magnetic field space side of the 
cooling vessel, so as to further adjust the mag- 
10 netic field unifomnity of the uniform static mag- 

netic field space region. 

2. The open-type magnet device for MRI as claimed 
in Claim 1 , wherein the cooling vessel is a dough- 
15 nut-shaped cooling vessel having a through hole in 
a center portion thereof and the magnetic field ad- 
justing means is arranged at a predetermined posi- 
tion of the through hole. 

20 3. The open-type magnet device for MRI as claimed 
in Claim 2, the magnetic field adjusting means is 
also detachably attached to the side of the uniform 
static magnetic field space and outside the through 
hole. 

25 

4. The open-type magnet device for MRI as claimed 
in Claim 1 , wherein the cooling vessel is a cylinder- 
shaped or a doughnut-shaped cooling vessel hav- 
ing a through hole in a center portion thereof and 

30 the magnetic field adjusting means Is arranged in a 
region range of 2R/3 wherein R represents a radius 
of the opposing surface of the cooling vessel. 

5. The open-type magnet device for MRI as claimed 
3s in Claim 1 , wherein a gradient magnetic field coil is 

arranged at the uniform magnetic field space-region 
side of each of the cooling vessels, and the mag- 
netic adjusting means is arranged at the uniform 
static magnetic field space side of the gradient mag- 
40 netic field coils. 

6. The open-type magnet device for MRI as claimed 
in Claim 5, wherein the gradient magnetic field coils 
include a main coil and a shield coil, and the mag- 

45 netic field adjusting means is arranged at at least 
one of following positions: at the uniform static mag- 
netic field space side of the main coil, between the 
main coil and the shield coil, and between the shield 
coil and the cooling vessel. 

50 

7. An open-type magnet device for MRI, comprising: 

a pair of an upper and a lower magnet assem- 
blies which are arranged to vertically oppose to 
55 each other so as to generate a uniform static 

magnetic field in a space region which covens 
a test portion of a subject person, and each of 
which includes: a main superconductive coll for 
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oenerating a uniform static magnetic field ther- 
ebeS and an adjusting superconductjve 
cXadjustingmagnetlcfieldunifom^rtyofthe 

unifomi static magnetic field; 
a doughnut-shaped cooling vessel hav ng a 
Lough hole in a center portion thereof and 
doming the main supe-onduct.ve co^^^^^^^^^^ 
adjusting superconductive coil for mamta.n.ng 

a superconductive state; and 

magnetic field adjusting '"^ans 

predetermined position in the through hole of 

Srcoolingvessel, so as to further adjustmag- 

netic field unifom^ity of the uniform state mag- 
netic field space region, ,j 

8. An open-type rr^agnet device for MRl. comprising: 
a pair of an upper and a lower n^agnetic^eld 
generating coils which are ^^^^"Sf J° 
Vertically oppose to each other and to cover a 
test porUon of a subject person; 
containers tor containing the respective mag 
nPtic field qenerating coils; and 
at east one magneticshim an^nged atthe un. 
tL static magnetic space region side of the 
resoective containei^. so as to further adjust 
mSSc field uniformity of the uniform static 
magnetic field space region. 

mannet device for MRl as claimed 
Tcirs^rhern ttetntalners are doughn^- 
rhSedcontainershavingathroughholeataoBn^^^ 

TrranSdatTeun^or^statte^ 
rpL^on side of each of the containers and the rnag- 
V is a?ranqed atthe uniform magnetic field 
sS^etgiinS^^^^^^ 
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